Disseminated intravascular coagulopathy (DIC) is a serious disease with fatal consequences. We prospectively analyzed Innovance D-dimer immunoturbidimetric assay in 68 patients diagnosed with DIC on the background of malignancy (22), severe infection (20), or multitrauma (26) at a single institution between January 2010 and January 2011. Median age was 61 years (range 20-89). All patients were assessed according to the International Society of Thrombosis and Haemostasis (ISTH) DIC score. Applying a threshold of Innovance D-dimer of 10 mg/L fibrinogen equivalent unit (normal <0.5) was correlated with the highest sensitivity in malignancy (86%) and trauma/surgery (80%) compared to 54% in infection. The specificity remained high at 97% in infection, 81% in trauma and 77% in malignancy with a negative predictive value of 97% in trauma and malignancy, and 88% in infection. Our data suggest that Innovance D-dimer is a useful and simple tool that enhances the ISTH DIC diagnostic criteria. Further studies to confirm these findings are warranted.
Introduction
Disseminated intravascular coagulation (DIC) is a serious complication of many clinical scenarios including infection/sepsis, malignancy, and also in the massive hemorrhage setting that is associated with trauma or surgery. [1] [2] [3] Disseminated intravascular coagulation carries a considerable mortality rate, and once established, it is difficult to reverse. [3] [4] [5] [6] Disseminated intravascular coagulation remains a clinical diagnosis supported by laboratory data but with no universally accepted diagnostic algorithm. 5 However, the Scientific and Standardization Committee on DIC at the International Society of Thrombosis and Haemostasis (ISTH) proposed a DIC scoring system based on 4 laboratory parameters and the presence of a predisposing condition. 1 Increase in a fibrin-related marker, such as D-dimer, represents an element of the ISTH algorithm, which also scores elevations in prothrombin time (PT) and reductions in platelet count or fibrinogen concentration. 1, [7] [8] [9] Rationale A sensitive immunoturbidimetric D-dimer assay would probably provide an excellent sensitivity and negative predictive value for the diagnosis of DIC. The Innovance D-dimer assay is a new class of automated D-dimer test based on immunoturbidimetric techniques with a promising performance in terms of high sensitivity and specificity. Little is known about the performance of Innovance in the context of patient evaluation for suspected DIC in different clinical settings as proposed in our trial. Therefore, we are evaluating both the analytical and clinical performance of the Innovance (Siemens, Marburg, Germany) immunoturbidimetric D-dimer assay in the different DIC clinical settings including infection, sepsis, trauma, surgery, and malignancy at a single institution.
Aims and Objectives
The main aim of this study is to evaluate the diagnostic performance of the new Innovance D-dimer immunoturbidimetric assay as a part of the diagnostic scoring system of the ISTH for DIC in different clinical scenarios associated with DIC.
Patients and Methods
We prospectively studied 68 patients who were diagnosed with DIC according to the ISTH criteria. 1 These patients presented to the Launceston General Hospital (LGH), a major tertiary referral hospital for Northern Tasmania, during the period of January 2010 to January 2011.
The trial was approved by the Tasmanian Human Research Ethics Committee, Australia. The study was registered in the Australia and New Zealand Clinical Trial Registry (ANZCTR) under trail No: ACTRN12611001259932. Web address of the trial: http://www.ANZCTR.org.au/ ACTRN12611001259932.aspx.
Eligibility Criteria
Patients with suspected DIC who presented to the LGH Oncology ward, intensive care unit (ICU), Surgery, and Emergency Departments were recruited for the trial (Tables 1 and 2) . These patients had a clinical condition associated with DIC and were clinically suspected to have DIC together with an abnormal coagulation profile and other laboratory tests in line with the ISTH-scoring system of diagnosis of DIC. We used the DIC definition and diagnostic criteria of the ISTH as a reference in this study. 1 
Methods
The blood specimens were analyzed consecutively as per our protocol and included platelet count, PT, activated partial thromboplastin time (APTT), fibrinogen level, and Innovance D-dimer test (Siemens). All specimens were analyzed routinely within 2 hours of collection. Innovance D-dimer, PT, and APTT were tested using a Sysmex 1 CA1500 coagulation analyzer (Sysmex, Kobe, Japan). The conversion factor between ''Ddimer Units'' and ''FEU'' is 2, which is based on the fact that the molecular mass of both D-epitopes is equivalent to that of the E-epitope. Sixty-eight patients with clinical DIC were recruited in this study. The patients' median age was 61 years and ranged from 20 to 89 years. The male-to-female ratio was 42:26. The male-to-female ratio was equal in the infection setting, 3:2 in malignancy, and 4:1 in trauma patients ( Table 1) .
Of the 68 patients analyzed, 22 had underlying malignancy, 26 patients had recent trauma or major surgery, and 20 patients had infection/sepsis associated with fever. Patients who had malignancy or trauma and developed sepsis were excluded from the study as they cannot be categorized under a specific group and may create bias in the analysis.
Control Groups
Another 48 age-and sex-matched inpatients from medical and surgical wards for whom coagulation testing was ordered as a part of their routine care and who had normal PT and APTT values without clinical history of DIC were also analyzed for the same parameters and served as an active control group.
Furthermore, 30 samples from normal healthy Red Cross volunteer donors were obtained for the reference range validation study of the D-dimer test in the normal population, where a cutoff value below 0.5 mg/L fibrinogen equivalent unit (FEU) was considered as normal.
Outcome Measures
Patients were classified as having or not having DIC according to the ISTH score. 1 This included occurrence of low platelet count (platelet count >100/nL ¼ 0; <100/nL ¼ 1; <50/ nL ¼ 2), prolonged PT (PT <3 seconds ¼ 0; >3 but <6 seconds ¼ 1; >6 seconds ¼ 2), low fibrinogen level (>1.0 g/ L ¼ 0; <1.0 g/L ¼ 1), and raised D-dimer level (no increase ¼ 0; moderate increase ¼ 2; strong increase ¼ 3). 1 Accordingly, the ISTH score was calculated and interpreted as if the overall score was !5, it would be compatible with overt DIC. The score was repeated daily until improvement or patient discharge. If the score was <5, it would be suggestive (not affirmative) for nonovert DIC. Therefore, the score was repeated in the subsequent 1 to 2 days. If the score continues to be <5 it is most likely not diagnostic for DIC.
Statistical Analysis
Receiver-operating characteristic curves were constructed from the maximum D-dimer measurement for each patient and the occurrence of DIC in that patient. Three possible diagnostic whole-number threshold levels were identified, and the sensitivity, specificity, positive, and negative predictive values for those thresholds calculated. These thresholds were then analyzed to estimate the likelihood of occurrence of DIC using 
Results
Since this is a cross-sectional study, the follow-up occurred during hospital admission only. A D-dimer threshold prior to diagnosis of 3 mg/L FEU (normal <0.5) showed high sensitivity in malignancy (100%), infection (75%), and surgery/trauma (88%), with a high negative predictive value ( Figure 1 ). However, the specificity was low, with a low positive predictive value. A threshold of 7 mg/L FEU reduced the sensitivity in malignancy (88%) and infection (58%) while remaining high in trauma (80%), but the negative predictive value remained high. In the meantime, the specificity was improved to 73% in malignancy, 86% in infection, and 70% in trauma. Increasing the threshold of D-dimer to 10 mg/L FEU showed highest sensitivity in malignancy (86%) compared to 80% in trauma and 54% in infection while again retaining a high negative predictive value ( Figure 2 ). The specificity remains high in infection (97%) and trauma (81%) and also in malignancy (77%).
Most of the patients in the infection (90%) and malignancy (87%) groups scored 5 and above according to the ISTH score for DIC, while 70% scored 5 and above in the trauma group versus 30% with score of 4. The CRP level was elevated across all groups; however, with significant and greater increase in the infection group with mild elevation in trauma and malignancy that most likely reflected an acute phase reactant rather than concomitant infection evident by absence of clinical signs of infection such as fever. The platelet count was significantly lower in the malignancy (144 vs 216; difference 72; 95% CI À143 to À1; P ¼ .048) and infection (143 vs 216; difference 71; 95% CI À141 to À1; P ¼ .048) groups compared to trauma/surgery ( Table 3 ). The erythrocyte sedimentation rate was significantly higher in the surgery and malignancy groups in comparison to infection (P ¼ .03). Both PT and APTT were significantly higher in trauma and infection groups compared to malignancy (P ¼ .001). The negative predictive value with the different D-dimer levels at 3, 7, and 10 mg/L FEU cutoff values remains high for malignancy, infection/sepsis, and trauma/surgery settings and was above 87% (Figure 1 ). Analysis of influence of sex or age on the D-dimer level showed no statistical significances.
Discussion
Laboratory evidence of coagulopathy should be sought before DIC becomes evident so that an appropriate and effective management plan can be taken to address the underlying cause. 8, 9 Fibrin-related markers including D-dimer, fibrin degradation product, and fibrin monomer are useful tools for prediction and follow-up of the severity of DIC. 10 D-Dimer has the advantage of being a product of secondary fibrinolysis of fibrin and hence may be considered sensitive in the diagnosis of DIC. Fibrin monomer is usually produced early on from fibrinogen due to the action of thrombin in a hypercoagulable state and considered as a DIC marker together with the D-dimer in the clinical DIC score. 1, 10 Nevertheless there are limited data that evaluate the diagnostic performance of different types of fibrin monomers. In this regard, there is no definitive cutoff value of fibrin monomer in the diagnosis of DIC. Therefore, it is important to establish an easy, reproducible laboratory diagnostic and prognostic tool with D-dimer for DIC with therapeutic relevance and implication for clinical progress in line with the ISTH guidelines. In an ICU study, D-dimer was used for moderate and strong increases to diagnose DIC. 9 Lack of sensitivity and specificity remain an issue with high D-dimer levels with an ongoing need to standardize methods and techniques to measure accurately fibrin end product with adequate sensitivity and specificity. In this sense, a precise cutoff remains to be defined. 11, 12 We noticed in our cohort study that a D-dimer cutoff value of 10 mg/L FEU is associated with a significantly higher positive predictive value in the infection group compared to malignancy and trauma groups (P < .001). This reflects that a very high D-dimer level is correlating significantly with infection with a higher specificity in contrast to mild-moderate D-dimer increase, which may represent nonspecific results in this cohort of patients.
It is worth noting that there are no data available regarding Innovance immunoturbidimetric assay in correlation with the diagnosis of different DIC clinical settings. We have demonstrated high sensitivity in malignancy and trauma settings with least in infection, and corresponding high negative predictive values for all groups with the Innovance D-dimer assay in association with DIC. An explanation for the improved sensitivity with the Innovance D-dimer assay compared to other assays is that it utilizes a monoclonal antibody (8D3) specific for epitopes contained on the cross-linked D-domains of fibrin derivatives. The antibody is covalently linked to polystyrene particles with the added advantage of the reagent also containing a blocking agent to heterophilic antibodies. A value <0.50 mg/L FEU is proposed as a threshold for the exclusion of DIC. Our trial had prospectively analyzed hospitalized patients who were not suspected of having DIC, serving as a control group compared to patients with suspected clinical DIC from the Oncology ward, ICU, surgical theater/ward or emergency department. This allowed testing of different D-dimer cutoff values in correlation with the scoring of DIC within the ISTH algorithm that may require to be assay specific. 1 Our analysis identified a prospective cutoff that maximizes sensitivity and specificity of the Innovance D-dimer assay at different levels of 7 and 10 mg/L FEU. This may have a clinical implication for applying different treatment strategies in each situation in order to reduce morbidity and mortality associated with DIC. [12] [13] [14] [15] The negative predictive value was high in all groups (>87%), indicating the correlation of D-dimer assay and DIC as demonstrated in previous studies. 10, 11 Nevertheless, it remains a challenge to optimize D-dimer assays to have a clinical significance for individual patients.
It is worth noting that comparison of values determined with different D-dimer assays are limited due to the following facts: (a) ''D-dimer'' in samples is not only D-dimer but fibrin degradation products exhibiting ''D-dimer'' reactivity, such as large, medium size, small degradation products, and as the smallest product D-dimer. (b) Every patient sample has its own specific mixture of fibrin degradation products. (c) The assays are using different monoclonal antibodies, recognizing specific D-dimer epitopes, and, when recognizing similar epitopes, then it would be with different sensitivity. Most of the limitations of Innovance D-dimer are due to the previously described facts. Others may be caused by the technology used, for example, particle enhanced immunoturbidimetry.
Although method comparisons between assays are demonstrating systematical differences due to different standardization (leading to a slope different to 1.0) and different reactivity of single patient samples due to different mixtures of fibrin degradation products of the individual sample combined with the specific sensitivity of the monoclonal antibody used, the Innovance D-Dimer, has an acceptable correlation with Vidas D-dimer exclusion assay and to Stratus CS D-dimer assay as well as STA Liatest D-dimer assay. 16 This could be achieved by aligning the standardization of these assays. Comparison of 23 quantitative D-dimer assays as basis for the development of D-dimer calibrators was performed by Dempfle and colleagues. 17 However, due to the lack of comparability of D-dimer results obtained with different assays, clinical efficiency of every single assay has to be proven in corresponding studies. Assuming a good correlation between different D-dimer assays, such reference values might have been ''transferred'' from studies with other assays by multiplying the values with a certain conversion factor.
Our study has a few shortcomings. First, it has a relatively small number of patients; however, they form unique different groups with appropriate clinical scenarios that would justify the clinical implication of setting a cutoff value of D-dimer against the standard ISTH DIC-score. Second, it is difficult to conduct a randomized trial owing to the inherent difficulties of recruiting the targeted acute critically ill patients. Therefore, we used a dedicated control group of age-and sex-matched hospitalized patients as a point of reference.
In summary, our data suggest that the Innovance D-dimer assay is a useful and simple screening tool in the DIC diagnostic criteria with variable sensitivity and specificity and high predictive negative value according to the cause of DIC. Increasing the cutoff of the test was associated with higher specificity and reasonable sensitivity in diagnosing DIC. Accordingly, our study suggests that the D-dimer at a particular threshold is helpful in the diagnostic strategy of DIC. Furthermore, D-dimer assay is an easy test to perform with diagnostic performance showing an excellent correlation with the ISTH diagnostic algorithm for DIC. Our study suggests that the use of Innovance D-dimer may enhance the prognostic power of the ISTH-DIC score in different clinical scenarios that are associated with DIC. However, the D-dimer diagnostic threshold should be understood as a technique and test dependent and specific. Further studies to confirm our findings are warranted.
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